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~act. Derivatives of 2-methyl-3,4-dihydro-2H,5H-
yrano[3,2-c ][ l]benzopyran-5-one. (1) Racemic trans-
·methoxy-4-phenyl, M, = 322·4, monoclinic, P2Jn, 
0108-270 I/ 86/ 121809-05$01.50 
a= 5·858 (1), b = 16· 732 (9), c = 16·383 (9) A, /3 = 
94·82 (3)0 , V = 1600· 1A3,Z=4, D,, = 1·338 g cm-3, 
A-(Mo Ka)= O· 71073 A, µ = 0-866 cm-1, F(OOO) = 
:ti 1986 International Union of Crystallography 
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680, T= 298 K, final R = 0·047 for 1513 intensities. 
The trans methyl ketal of warfarin (C2ofi 180 4) contains 
a half-chair dihydropyran ring distorted toward the 
d,e-diplanar conformation. (2) Resolved (2R,4R)-trans-
2-methoxy-4-phenyl, M, = 322·4, orthorhombic, 
n,2121> a=ll·521(1), b=l4·061(2), c= 
10·055(2)A, V=l628·9A3, Z=4, Dx= 
1·314gcm- 3, .l.(MoKn)=0·71073A, µ = 
0·851 cm-1, F(OOO) = 680, T= 298 K, final R = 0·056 
for 1660 intensities. The trans methyl ketal (C 2ofi 180 4 ) 
from R ( + )-warfarin; its dihydropyran ring is a half. 
chair distorted toward the d,e-diplanar conformation. 
(3) Resolved trans-2-hydroxy-4-(4-methoxyphenyl), 
M, = 338·4, orthorhombic, P2 1212., a= 10· 584 ( 1), 
b=I0-621(5), c=14·778(2)A, V=1661·2A3, Z 
= 4, Dx = 1·353 g cm- 3, .l.(Mo Ka)= 0·71073 A, µ 
= 0·908 cm- 1, F(OOO) = 712, T= 298 K , final R = 
0 ·044 for 1165 unique intensities. Compound Cio-
H180s spontaneously resolves on crystallization from 
acetone and water, and absolute configuration of data 
specimen was not determined. It has a dihydropyran 
ring with a half-chair conformation; hydroxyl and 
lactone carbonyl are intermolecularly H-bonded at 
4-hydroxycoumarins which exist in a solution eq · 
rium with the two diastereomeric cyclic hemik 
forms. Crystals invariably contain the cyclic stru ' 
which incorporates a substituted dihydropyran · 
Hemiketals can be converted to the cyclic methyl k . 
in acidic methanol. Diastereomeric cis and tr · 
(2-oxygen substituent relative to 4-substituent) 
ketal methoxyls are found in axial orientations o · 
to an operative anomeric effect. The structures · 
five 4-aryl analogs of warfarin (2-hydroxy-2-meth 
4-phenyl-3,4-dihydro-2H,5 H-pyrano[3,2-c l[ I ]benzo-
pyran-5-one) are presented here as part of a study 
the conformational flexibility of dihydropyran · 
near their ground state. A companion study 
4-aliphatic warfarin analogs is in preparation. 
R 
O· · ·O = 2· 79 A. (4) Racemic trans-2-hydroxy-4-(2- R 
methyl-6-methoxyphenyl), M, = 372·4, monoclinic, (I) 
P2Jn, a= 9·637 (2), b = 14·345 (4), c = 13·224 (2) A, (2) 
R' 
C6Hi 
/3=91·09(1) 0 , V=1827·8A3, Z=4, Dx = (3) 
J .353 g cm-3, .l.(Mo Ka)= o. 71073 A, µ = (4) 
C6H, 
p-C6H 40CH 3 
o,o-C 6H 3(0CH3)(CH3) 
p-C,H4 N(CH,)1 
CH, racemic (2R,4R:2S,4S) 
CH3 resolved (2R,4R) 
H resolved, spontaneous 
H racemic 
H racemic 0·961 cm- 1, F(OOO) = 784, T = 298 K, final R = 0·048 (S) 
for 2339 unique intensities. A synthetic derivative of 
warfarin, it crystallizes as the hydrate C20H 180 6.Hi0 Experimental. Syntheses of hemiketals generally folloT 
reported procedures (lkawa, Stahmann & Link, 1944 
except for (5) (Bush & Trager, 1983). The tra : 
warfarin methyl ketal racemic compound (1) Wll 
separated from the mixture of diastereomers produ · 
on methylation (Valente, Lingafelter, Porter & Trager; 
1977). Warfarin, R = C 6H5 , R' = H, was resolved witi 
quinidine and quinine (West, Preis, Schroeder & Llnk,j 
1961) and the trans-2R,4R-methyl ketal (2) was pre-J 
pared by refluxing R ( +) warfarin in acidic methanol,~ 
fractionally crystallizing the product from ethanol. Hemi-j 
ketal (3) crystallized as a conglomerate as detenni.nedJ 
by the crystal structure, and spontaneously resolves on1 
crystaUiz ation from 1 : 1 water :acetone. Melting points:\ 
(1) 440-3-441·5; (2) 451-453; (3) 431-432; (4)\ 
436-438; (5) 376-378 K. Dm's were not measured. Data! 
on the crystallographic specimens and for intensity; 
measurements are given in Table 1. Cell constants wen:i 
and has a dihydropyran ring with a half-chair 
conformation and intermolecular H bonds with 0 · · · 0 
distances between 2·67 and 2·77 A. (5) Racemic 
trans-2-hydroxy-4-(4-dimethylaminophenyl), M, = 
369·4, triclinic, PT, a= 9·066 (3), b = 9 ·509 (2), c 
=12·681(3)A, U=98·50{2), /3=91·25(3), Y= 
116·96 (2)0 , V = 958·8 A 3, Z = 2, Dx = 1-279 g cm-3, 
A.(MoKa) = 0·71073A, µ=0·854cm- 1, F(OOO) = 
392, T = 298 K, final R = 0·045 on 2773 unique 
intensities. A synthetic derivative of warfarin, it also 
crystallizes as a hydrate, C 21H 21N04 .H20, and has a 
dihydropyran ring with a half-chair conformation and 
intermolecular H bonds with O· · ·O distances between 
2· 70 and 3·07 A. 
Introduction. Michael-type addition of 4-arylbut-3-
en-2-ones to 4-hydroxycoumarin leads to 3-substituted 
Table 1. Crystal data, intensity measurements, refinements 
Crystal No. unique No. Scale 
Structure size (mm) emu(O) intensities used factor s 
I (racemic) 0·7 x 0·2 x 0·2 2J.5 3674 15 13 0·395 (I ) 1·42 
2 (2R,4R) 0·4 x 0·3 x 0·2 27·5 2171 1660 0·638 (2) 1·93 
3 0·75 x 0·2 x 0 ·2 28 2268 1165 0·404 (2) 1-16 
4 0·45 x 0-45 x 0·2 30 5331 2339 0·306 (I) 1-32 
5 0·6 x 0 -4 x 0-25 28 4626 2773 0·155(1) 1·69 
No. 
wR variables 
0 ·057 289 
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determined by careful centering of 25 [(l),(3}-(5)1 or 
30 (2) reflections having higher O's. Crystal symmetry 
and space groups were initially assigned from sys-
tematic absences; for (l) and (4): hOl, h +I odd; OkO, k 
odd; for (2) and (3): hOO, h odd; OkO, k odd; 00/, I odd; 
and they were later confirmed by structure deter-
mination. Standard reflections were monitored for 
orientation and crystal stability, and no unusual trends 
were seen. Intensities were collected on a CAD-4 
diffractometer except for (2) for which data were taken 
on a Picker FACS-1 instrument. Intensities were 
corrected for coincidence, polarization and specimen 
deterioration but not for absorption, and converted to 
f's. Associated a(F
0

















































Table 2. Positions (x 104 ) and Beq'sfor (1) 
For numbering scheme, see Fig. l ; e.s.d.'s in parentheses. 






862 1 (6) 
6736 (6) 
5 188 (6) 
3576 (7) 
3736 (7) 

















- 149 (I) 




10 15 (2) 
1468 (2) 
1492 (2) 










- 898 (2) 
- 1663 (2) 
- 1917 (2) 
-1409 (2) 
- 640 (2) 
z 
I 17 1 (I) 
2359 (2) 






- 283 (2) 
-617(2) 





3 108 (2) 
3318 (2) 
278 1 (2) 
3623 (2) 




41 20 (2) 
Table 3. Positions (x 104 ) and Beq'sfor (2) 
E.s.d.'s in parentheses. 
x 
7739 ( I ) 
6585 (2) 
8806 (2) 
10 137 (I) 





















4146 ( l ) 
3330 ( I ) 
784 ( I ) 
1992 ( I) 
3369 (2) 
265 I ( 2) 
2702 ( 2) 
36R6 (2) 
4525 (2) 
52 17 (2) 
5076 (2) 






73 1 (3) 
2 161 (2) 
















- 300 (2) 




15 17 (2) 
1444 (4) 






5 156 (3) 
B,.(A2) 
3 .54 (5) 
3.97 (6) 








J. 76 (9) 
3.04 (8) 
2· 77 (7) 
2·96 ( 7) 
J.66 ( 8) 
2-95 (7) 
4 · 14 (9) 
4· 46 ( 9) 
2-83 (7) 





s ... <A') 
3·56 (5) 





2· 72 (7) 
3.39 (8) 
J . 76 (9) 
3·8 1 (9) 
3.5 1 (9) 
2-98 (7) 
2.74 (7) 
3·2 1 (7) 
3. 45 (8) 
J.05 (7) 
4 °06 (9) 
5.4 (I) 
3·10(9) 
4 . 7 ( I) 
5·6 (I) 
5.5 ( I ) 
6· I ( I) 
S·O ( I } 
alone. Data less than three times their estimated 
standard deviations were marked weak and not used in 
refinements. A secondary-extinction correction seemed 
necessary only for ( 4) and was later applied, g 
= 2·53 ( I ) x 10- 1• Structures were discovered with 
MULTAN (Germain, Main & Woolfson, 1971). Non-
H-atom positions were refined with U;50 's by full-matrix 
least squares, then with their U;/s. H atoms were 
refined from calculated positions with their U150's. 
Least-squares weights were taken as 4F,//a2{l) where 
a2(J) = a2(/)c + p(/)~ as defined by Corfield, Doedens 


















C (I S) 
C( l 6} 
C(l7) 
C (l 8) 





















C( l 3) 
C( l 4) 
C(lS) 
C( l6) 
C (l 7) 
C(18) 

















562 1 (4) 
6729(4) 
7842 (4) 




87 L9 (5) 
84 78 (5) 
9 142 (4) 
10029 (5) 
10256 (4) 
9652 (6 ) 
12097 (5) 





















































Table 5. Positions (x 104 ) and Beq'sfor (4) 
x 
49 15 (2) 
4008 (2) 
8735 (2) 







8 197 (3) 









4522 (.1 ) 
3536 (3) 




48 12 (3) 
E.s.d.'s in parentheses. 
y 
- 379 ( 1) 
278 ( I) 
7RS ( I ) 
657 (Ii 






- 998 (2) 
- 1308 (2) 
.. I IOL (2) 
















28 17 (I) 
1107 ( I) 
J 122 (1) 
756 (2) 
25 14 (2) 
2362 (2) 
2936 (2) 
441 5 (2) 
srn (2) 
5460 ( 2) 






















2· 78 (8) 
2·89 (9) 
4.1 (l) 
4. 7 (I) 
4-9 (I) 
4 .2 (I) 
3·32 (9) 









).9 ( I) 
5.7 ( I) 







7-8 1 (6) 
3·21 (51 








3· L 7 (5) 
J.64 (6) 
J.02 (5) 
4 · 16 I~) 
3·21 (5) 
J.88 (6) 




























































1335 I (3) 
12793 (3) 
1830 (2) 




2164 ( I) 
3960 (I) 





- 801 (2) 









58% ( 2) 




l 1186 (3) 
9204 (J) 
3388 (3) 
6217 ( I) 
6290 ( I) 























I 1057 (2} 
7638 (2) 
B,.(A2) 


























4 ·52 (5) 
International Tables for X-ray Crystallography (1974) 
except for H (Stewart, Davidson & Simpson, 1965). In 
all cases final .1/ aav•.m•x were less than 0 ·05, 0-20 
respectively and positive excursions were less than 
0·3 e A- 3, no troughs were less than -0-207 e A-3• 
Discussion. Final atom positions and vibrational 
parameters are given in Tables 2-6. * 
No close intermolecular contacts are seen in (1) and 
(2). Structure (I) is the racemic compound (2R,· 
4R ;2S,4S), (2) is chiral (2R,4R). The racemate has 
a lower cell volume, higher density but a lower melting 
point compared with the resolved compound, pointing 
to differences in the crystal packing between them. 
Intermolecular hydrogen bonding is found in (3}-(5). 
Hemiketal hydroxyls and coumarin carbonyls are 
H-bonded in (3), O· · ·O 2· 795 (5) A. The water of 
crystallization in each of (4) and (5) donates two 
H bonds and accepts one H bond. In (4), the hemiketal 
hydroxyl is H·bonded to water, O · ··O 2·673 (3) A, 
which H-bonds to a carbonyl oxygen and to a 
hemiketal hydroxyl oxygen in neighboring molecules, 
0 · · ·O 2· 745 (3), 2· 769 (3) A, respectively. In (5), the 
hemiketal hydroxyl is also H·bonded to water, O· · ·O 
2· 705 (2) A, which H-bonds to a carbonyl oxygen and 
more weakly to a coumarin ring oxygen in neighboring 
molecules, O· · ·O 2·927 (2), 3·067 (2) A, respectively. 
• Lists of structure factors, anisotropic vibrational amplitudes 
and H-atom positions have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
43210 (109 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH I 2HU, England. 
All five structures have the 2-oxygen trans to thf 
4-aryl substituent, and the hydroxyl or methoxyl is uiai 
(anomeric effect). Hemiketal hydroxyl H's and kdal• 
methyls are gauche synclinal to the dihydropyl'llf 
oxygen and directed exo to the ring (exoanomeric 
effect). Ring (hemi)ketal C-0 bonds are longer 
(1·45-1·47 A) than found in sugars (1·42-1·43A)i 
the ring unsaturation widens two intraring angles an4i 
modifies closure geometry relative to a saturatecJc 
heterocycle. Phenyl ring substituents are pseudo-! 
equatorially disposed on the dihydropyran ring and 
phenyl rings are inclined relative to coumarin ring: 
planes to avoid close contacts. Extent of the inclination: 
ranges from 71° (dihedral angle) in (3) to 98° in (4~ 
See Figs. 1 to 5 for ellipsoid plots of the molecular 
structures. 
Fig. l. An ellipsoid plot of ( 1), showing the numbering scheme. 
Fig. 2. An ellipsoid plot of (2). 
F ig. 3. An ellipsoid plot of (3). 
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Fig. 4. An ellipsoid plot of{4)_ 
0 
ow 
Fig. 5. An ellipsoid plot of (5). 
A 3,4-dihydro-2H-pyran ring is embedded in each 
structure. The unsaturation is part of the coumarin ring 
and other ring substituents are 2-methyl, 2-hydroxyl or 
methoxyl, and 4-aryl. Rings in both (1) and (2) are half 
chairs strongly distorted toward the d,e-diplanar forms, 
(3)-(5) are essentially half-chairs. Intraring torsion 
angles are given in Table 7. 
Thanks go to B. D. Santarsiero and A. Aruffo for 
experimental assistance early in this project. We 
Table 7. Torsion angles ( 0 ) in the dihydropyran rings 
E.s.d.'s are at most about 0-5°; common configuration. 
a e b d c 
a b c d e f 
(l) -50-2 59-5 -36-6 5- 7 3-5 2-0-0 
(2) -51·9 60·4 --3n 2-0 6-3 20-l 
(3) -45·2 b0·3 -42·9 10·7 4-6 13·9 
(4) -42-l 59.3 --45-4 15·2 1-4 12·8 
(5) _44.3 63·6 --48-3 16·0 3-6 Jl-3 
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